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approximate volume of each BML (intra-tester intraclass correlation =
0.96). When multiple BMLs were present in a region their volumes
were summed to calculate regional volume. Total knee BML size was
calculated by summing all of the BML volumes in a knee. Total hip
and femoral neck BMD were assessed with DXAs obtained with a GE
Lunar Prodigy Advance Bone Densitometry scanner. We assessed cross-
sectional and longitudinal correlations between BMD and BML size using
Spearman rank correlation coefﬁcients. Fisher’s z transformations were
used to determine 95% conﬁdence intervals for correlation coefﬁcients.
All analyses were performed in SAS 9.2 and statistically signiﬁcant
correlations were deﬁned by p ≤ 0.05.
Results: Participants were 63.4±8.6 years of age, body mass index
29.8±5.3 kg/m2, 64% female, and had deﬁnite radiographic knee OA (52%
KLG = 2, 30% KLG = 3, and 17% KLG = 4). Baseline total hip and femoral
neck BMD was not correlated to baseline BML size or longitudinal change
(see table). Longitudinal change in total hip and femoral neck BMD was
not associated with longitudinal changes in BML size (r = −0.11 to −0.03).
Conclusions: Among patients with knee OA, hip BMD was not related
to knee BML size. These ﬁndings support a recent epidemiological
study that reported no association between femoral neck BMD and JSN
progression among patients with knee OA.
Table: Spearman correlations (95% CI) between baseline total hip &
femoral neck BMD as well as knee BMLs
BML size Baseline
Total hip BMD Femoral neck BMD
Baseline
Total Knee (n =104) 0.05 (−0.14 to 0.24) 0.08 (−0.12 to 0.27)
Index Femur (n =73) 0.07 (−0.16 to 0.30) 0.11 (−0.13 to 0.33)
Index Tibia (n = 74) 0.15 (−0.08 to 0.37) 0.23 (0.00 to 0.44)
24-month Change
Total Knee (n =104) 0.01 (−0.18 to 0.21) -0.05 (−0.24 to 0.15)
Index Femur (n =79) 0.13 (−0.10 to 0.34) 0.11 (−0.11 to 0.32)
Index Tibia (n = 76) 0.01 (−0.22 to 0.23) -0.03 (−0.26 to 0.20)
CI = Conﬁdence Interval, BMD = bone mineral density, BMLs = bone
marrow lesions.
No correlation coefﬁcients were statistically signiﬁcant (p > 0.05).
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Purpose: The inconsistent association between radiographic and clinical
features of OA hampers deﬁnition, diagnosis, and evaluation of
progression. Separate quantitative radiographic features of OA might
be associated with clinical progression of disease. In clinical practice
progression of clinical and radiographic features will be determined
by comparison with clinical and radiographic features at the previous
visit. Objective of the present study is to evaluate whether separate
quantitative radiographic features at baseline are associated with clinical
progression during four-year follow-up in a cohort of participants with
early knee OA.
Methods: From the early OA study Cohort Hip & Cohort Knee (CHECK),
participants with knee pain only were selected. Clinical progression
was evaluated by use of the pain and function scale of the WOMAC
index (0–100 scale; 100 is worst). To account for variation the baseline
WOMAC score was calculated as the mean of the ﬁrst two years (0
and 1) and compared to follow-up score, calculated as the mean of
the last two years (3 and 4). Clinical progression was classiﬁed by the
quintile approach (proposed by Sharma) as ‘good’ (move to lower quintile
or remain in lowest two quintiles) or ‘poor’ (move to higher quintile or
remain in highest three quintiles) outcome. Standardized posteroanterior
semiﬂexed knee radiographs were evaluated with Knee Images Digital
Analysis (KIDA) for quantitative measurement of JSW, osteophyte area
(OPA) and bone density (BD) in the lateral and medial compartment
of femur and tibia. Using logistic regression it was evaluated which
KIDA parameters at baseline were associated with clinical progression,
in addition to baseline WOMAC score and patient characteristics.
Results: Of 266 participants the baseline mean WOMAC pain score
was 21 and 23 for ‘good’ and ‘poor’ outcome respectively, and mean
function score was 18 and 23 for ‘good’ and ‘poor’ outcome. In the ‘poor’
outcome group, pain and function values increased to 30 at follow-up.
OPA at the lateral and medial compartment were signiﬁcantly (p = 0.003
and p=0.010) associated with WOMAC pain outcome, in addition to
baseline pain and patient characteristics. Predicted probability (mean
± SD [range]) for ‘poor’ pain outcome was 0.53±0.15 [0.17–0.92]. For
WOMAC function outcome a signiﬁcant association was found for JSW
minimum, OPA lateral, and OPA medial (p = 0.028, 0.002, and 0.004)
in addition to baseline characteristics. Predicted probability for ‘poor’
function outcome was 0.56±0.17 [0.15–0.95]. In contrast, the commonly
used KLG was not statistically signiﬁcantly associated with pain and
function outcome.
Conclusion: In individuals with early complaints of knee OA, pain and
function scores are relatively low at baseline, and are slightly increased
at follow-up in the ‘poor’ outcome groups. Separate quantitative
radiographic features measured by KIDA at baseline are statistically
signiﬁcantly (although weakly) associated with clinical progression of
pain and functional limitations during four-year follow-up in a cohort of
participants with early knee OA, an association not found with KLG.
Sponsor: CHECK is funded by the Dutch Arthritis Association.
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Purpose: Recent studies suggest that moderate physical exercise may
beneﬁt knee articular cartilage. However, high-impact sports have
been identiﬁed as a biomechanical risk factor for developing knee
OA. Thus the purpose of this study was to measure the short-term
change in composition of knee cartilage of young healthy subjects
immediately after 30 minutes of running using magnetic resonance (MR)
relaxation times (T1rho and T2). We hypothesized that running leads to
reduction in the water content of the articular cartilage and alters the
water/collagen/proteoglycan ratio of the cartilage, which will be reﬂected
in shorter T1rho and T2 values than the baseline.
Methods: 10 healthy volunteers (5 males, 5 females, age: 20–35 years
(mean: 28.3 years), BMI: 20–25kg/m2 (mean: 22.5 Kg/m2), no knee
pain/stiffness, no prior knee trauma/surgery, and no joint disorders were
recruited. They were instructed not to deviate from their typical physical
activity level on the day prior to examination. The pre-run images were
acquired after a 30-mins rest (to reduce the inﬂuence of preceding
physical activities). Then subjects were instructed to run on a treadmill
for 30 minutes (speed was recorded but not controlled). Immediately
after completion of running, post-run images were acquired. All imaging
was performed with a 3T GE MR scanner and the protocol included
sagittal 2D intermediate-weighted fast spin echo images to evaluate
cartilage morphology, sagittal 3D fat-suppressed spoiled gradient-echo
(SPGR) images to segment cartilage, and 3D sagittal T1rho- and T2-
weighted images to quantify T1rho and T2. Six compartments of knee
(medial and lateral femoral condyle (MFC and LFC), tibial plateau (MTP
and LTP), patella (PAT), and trochlea (TRO)) were segmented using an
in-house spline-based segmentation software. The segmented cartilage
contours were superimposed on the corresponding T1rho and T2 maps
to measure relaxation times. Paired samples t-tests were performed to
determine whether articular cartilage MR relaxation times immediately
after running were signiﬁcantly (p < 0.05) different from the baseline.
Results: Collated data shows signiﬁcant decrease in T1rho (10.1±7.2%,
P < 0.0001) and T2 (6.9±6.1%, P < 0.0001) times of articular cartilage
after running. All compartments showed signiﬁcant reduction in T1rho
values ranging from 7.7% to 13.8%; the MTP showed the largest
reduction (13.75±7.1%) followed by TRO (12.6±7.6%) and PAT (11.7±8.4%)
compartments. When analyzing the effect of running on T2, all
compartments except LFC showed signiﬁcant reduction (range: 4.4% to
10.5%). When data were grouped based on gender, average change in
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T1rho and T2 values for the female group were lower than for the male
group, but did not reach signiﬁcance. Signiﬁcant decrease in cartilage
thickness was observed in the MTP compartment (7.07±11.5%, P = 0.05).
Conclusions: Signiﬁcant decrease in T1rho and T2 values indicates the
change in composition of the cartilage after running exercise. Reduction
in T1rho values suggest an overall increase in proteoglycan concentration
as the cartilage loses water after running. Running appears to alter
the collagen matrix structure, composition, and water content which
is shown by reduction in T2 and cartilage thickness. Larger reduction
in T1rho, T2 values and thickness in the MTP may suggest that the
medial compartment shares more load while large reduction in PAT and
TRO indicate that greater traction of patella during running results in
dehydration of cartilage tissue. The biochemical response of the articular
cartilage to functional loading could potentially be a more sensitive
biomarker of cartilage than morphological measures in the early phase
of degeneration.
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Purpose: Delayed gadolinium-enhanced magnetic resonance imaging
of cartilage (dGEMRIC) and T2 (transverse relaxation time) mapping
have been known to have a potential to evaluate degenerative changes
of articular cartilage. dGEMRIC has been developed as a sensitive and
speciﬁc method for monitoring glycosaminoglycan (GAG) in articular
cartilage. GAG is a major solid constituent of articular cartilage and is
critical to mechanical support function of cartilage. Thus, dGEMRIC could
be a useful and non-invasive method of assessing the quality of articular
cartilage.
T2 mapping is an MR imaging technique that can evaluate the collagen
structure in cartilage. It is known that T2 increases with the loss of
collagen matrix integrity and increase in water content observed in the
early stage of osteoarthritis. Thus, T2 mapping can be an ideal marker of
cartilage degeneration.
The aim of this study is to investigate the ability of delayed gadolinium-
enhanced magnetic resonance imaging of cartilage (dGEMRIC) and T2
mapping to evaluate the quality of repair cartilage after micro fracturing
procedure.
Methods: Six knees from 6 goats (6 females; aged 2–3 years) were
studied. An osteochondral defect (6mm in diameter) was created at
both medial femoral condyle and lateral femoral condyle of the left
hinder leg. Six months after the surgery, MR imaging was performed
using a 3 Tesla magnet.
Quantitative T1 measurements for dGEMRIC were performed on the
slice which passed through the center of both medial and lateral
osteochondral defects using the inversion recovery (IR) method.
Quantitative T2 measurements for T2 mapping were performed on the
same slice using the multi-spin-echo (MSE) method. T1 and T2-calculated
maps were generated using MATLAB software (Mathworks, Natick, MA)
with a mono-exponential curve ﬁt. Using MATLAB, a color-coded T1
and T2-calculated maps of the femoral cartilage, segmented manually,
was overlaid on the morphological image that had an inversion time of
1600ms and echo time of 20.6ms, respectively.
Immediately after MR imaging, the goats were euthanized and the repair
cartilage and adjacent native cartilage were extracted. The cartilage
samples were assessed for general histology using modiﬁed O’Driscol
score, and the collagen orientation of these samples were also assessed
by means of polarized light microscopy (PLM). The concentration of GAG
as well as hydroxyproline (HP) was also studied.
Results: Repair cartilage was classiﬁed as mixed cartilage or
ﬁbrocartilage. A signiﬁcant correlation was observed between GAG
concentration and T1 value (p < 0.05) as well as HP concentration and
T2 value in repair cartilage (p < 0.05). However, there seemed to be no
correlation between histological grading and T1 value as well as T2 value
in repair cartilage. There seemed to be no correlation between T2 and
collagen orientation assessed by PLM.
With dGEMRIC technique, repair cartilage at medial condyle had higher
GAG concentration than that at lateral condyle. With T2 mapping
technique, repair cartilage at medial condyle had higher collagen matrix
integrity than that at lateral condyle. These MRI ﬁndings were in good
agreement with the results of histological evaluation.
Conclusions: dGEMRIC and T2 mapping technique might have a potential
to evaluate GAG concentration and HP concentration respectively in
not only degenerative cartilage but also in repair cartilage after micro
fracturing procedure. These quantitative MR imaging techniques of
cartilage might correlate closely with macromolecular concentration,
but not with comprehensive histological grading.
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INTER AND INTRA SITE VARIABILITY IN T2 RELAXATION TIME
MEASUREMENTS
J.K. Riek. VirtualScopics, Inc, Rochester, NY, USA
Purpose: T2 relaxation times in cartilage show differences according
to variations in macromolecular concentration, collagen orientation and
structure, and tissue hydration. Thus, T2 mapping has become a common
method for analyzing the quality of cartilage tissue using magnetic
resonance imaging (MRI). In a multi-center clinical trial, it is difﬁcult
to ensure that consistent T2 values are obtained across the different
sites. Many scanners now provide T2 mapping sequences and the ability
to generate a T2 map. These sequences and maps provide valuable
information to the clinician, especially when looking at cartilage and
cartilage repair tissue. This paper looks at the utility of these sequences
and maps in the context of a multi-center clinical trial. Speciﬁcally, intra-
site variability in the site-calculated T2 maps, intersite variability of the
site-calculated T2 maps, and a comparison of these values with centrally
calculated values from the same imaging sequences.
Methods: Ten sets of four vials containing varying concentrations of
copper sulfate (CuSO4) (5mM, 10mM, 20mM and 40mM) were imaged in
a GE 1.5T HDx magnet using a head coil to determine reference T2 values.
Five single-slice, spin-echo series were collected (TR =2000ms, TE=12,
20, 40, 60, 80ms, thickness=1mm, matrix=256, 256, FOV=17 cm, NEX=2).
Reference values of 30ms, 60ms, 121ms and 231ms were calculated
using a linear regression on the natural log of the signal intensities. A
different set of four vials was used for each magnet in this study. The
